A cosmological event horizon develops in a vacuum-dominated Friedmann universe. The Schwarschild radius of the vacuum energy within the horizon equals the horizon radius.
A vacuum-dominated universe is asymptotic to de Sitter space
Friedmann's equation for the radius of curvature R of a closed homogeneous isotropic uni-
where ε r , ε m , ε v and R 0 are, respectively, the present values of the radiation, matter and vacuum energy densities and the radius of curvature.
Astrophysical measurements indicate the expansion of the universe is accelerating, and the energy density of the universe is dominated by a cosmological constant/vacuum energy density with Ω Λ = 0.7 . The cosmological constant is related to the vacuum energy density by Λ = 8πGε v /c 4 . At late times, R → ∞ and the radiation and matter energy density (and the curvature energy) are driven to zero by the expansion of the universe. The Friedmann
So, our universe is asymptotic to a de Sitter space (the vacuum solution to Einstein's equations with a positive cosmological constant), and the asymptotic value of the Hubble constant is H =Ṙ/R = c Λ/3.
Horizon radius equals Schwarschild radius of vacuum energy within horizon
There is a cosmological event horizon in a de Sitter space, with horizon radius R H = c/H = 3/Λ (see, e.g, [1, 2, 3] ). Taking the Hubble constant as H 0 = 65 km sec −1 Mpc −1 , the critical density ρ c = 3H 2 0 8πG = 7.9 × 10 −30 g cm −3 , the vacuum energy density ε v = 0.7ρ c c 2 = 5.0 × 10 −9 g cm 2 sec −2 cm −3 , and Λ = 1.0 × 10 −56 cm −2 .
The total vacuum energy within the horizon radius R H is ε v Λ , is the mass of the observable part of the vacuum-dominated universe (analogous to Wesson's "Einstein mass" [4] ).
The Schwarschild radius R S of a mass M is R S = 2GM/c 2 , so the Schwarschild radius of the vacuum energy within the horizon is R S = 3/Λ = R H . Therefore, the volume within the horizon radius R H is analogous to the inside of a black hole with radius R S = 3/Λ = R H .
The relation
, where M and R are the mass and radius of the universe, is sometimes obtained by invoking Mach's principle [5, 6] . Because the mass equivalent of the vacuum energy within the horizon is M = 
Possible connection to holography
The holographic conjecture and black hole thermodynamics suggests the number of bits of information necessary to describe the observable universe of radius R H within the horizon is N = π R 2 H δ 2 . This is the number of "pixels" of area δ 2 on the surface of one quadrant of the horizon.
The lowest frequency (lowest energy) vibrational mode of a spherical surface is the 0 S 2 "football" mode [7] where the sphere is alternately elongated and compressed along its z axis. The pressure waveform corresponding to this mode, on the circumference in any plane including the z axis, has wavelength πR, where R is the radius of the sphere. A massless quantum with wavelength πR H has twice the energy of a massless quantum with wavelength 2πR H and thus twice the average energy per degree of freedom in the observable vacuum-dominated universe at late times. Because the surface temperature on the horizon The scalar field responsible for the vacuum energy might be related to the size of compact extra dimensions, as suggested by Turner [8] and considered in [9] . If so, the vacuum energy and pressure at any point could be related to perturbations in the size of the compact dimensions at that point. Since distortions of compact dimensions are seen in string/M theory as fermions and bosons, wave patterns on the horizon might suffice to reconstruct the distribution of matter and energy within the observable universe. This approach could only be applied to Schwarschild black holes within our universe if the equation of state for the energy inside those black holes could be determined. Although this discussion focuses on closed vacuum-dominated Friedmann universes, the argument can be extended to flat and open vacuum-dominated Friedmann universes.
